Cellular mechanisms of bone resorption induced by metabolic acidosis.
Metabolic acidosis increases urine calcium excretion without an increase in intestinal calcium absorption, resulting in a net loss of bone mineral. In vitro metabolic acidosis induces bone calcium efflux initially by physicochemical dissolution and subsequently by cell-mediated mechanisms involving inhibition of osteoblasts and stimulation of osteoclasts. In bone, prostaglandins (PGs) are important mediators of bone resorption and we have recently determined that acid-induced bone resorption is mediated by PGs. Utilizing neonatal mouse calvariae in culture, we found that decreasing pH by a reduction in bicarbonate concentration, a model of metabolic acidosis, induced an increase in net calcium efflux and in medium prostaglandin E2 (PGE2) levels, both of which were inhibited in the presence of indomethacin. There was a direct correlation between calcium flux and medium PGE2. If pH is lowered to a comparable degree by an increase in pCO2 to model respiratory acidosis, there was no significant stimulation of net calcium efflux from the calvariae and no stimulation of PGE2 production. We have also shown that metabolic acidosis alters osteoblastic expression of a specific osteoclastogenic factor, RANKL, and this response is also PG dependent. Incubation of calvariae in acid medium stimulated expression of RANKL RNA in parallel with the increased calcium flux. Both responses were inhibited in the presence of indomethacin. Thus metabolic, but not respiratory, acidosis induces production of bone PGE2, which mediates acid-induced bone resorption.